Introduction
The main selection pressure that initiated the parasite-host association might have been the ease by which nutrients could be acquired from the host by the parasite [l]. However, parasitism also required the development of mechanisms to facilitate the migration of the parasite into and through host tissues and organs, to defend against host immunological attack, and to otherwise ensure the completion of their life cycle. Energy saved by the proximity and abundance of food was redirected and employed in the development and diversification of structures and processes to deal with these new obstacles. It is perhaps not surprising that we find that peptidases, the major enzymes involved in cellular catabolic processes, have been deployed to accomplish some of the tasks imposed by a parasitic life style.
The trematode parasites Fasciola hepatica (temperate) and F . gigantica (tropical) contaminated with the encysted infectious larvae, known as metacercariae. Metacercariae excyst in the intestines, burrow through the intestinal wall and migrate into the liver tissue, where they spend approx. 8 weeks feeding on host tissue and blood, resulting in extensive haemorrhaging and perforations. The parasites finally move into the bile ducts, where they mature. The hermaphroditic adult liver flukes produce enormous numbers of eggs, which are carried into the intestine with the bile juices and are passed on to pasture with the faeces. An aquatic larval stage hatches from the eggs and infects an intermediate mud-snail host, usually Lymnaea truncatula. After several developmental and multiplication stages within the snail, the parasites emerge and become encysted.
Blood flukes of the genus Schistosoma cause the chronic and debilitating disease schistosomiasis, which afflicts over 250 million individuals, killing almost 80000 annually. As with liver flukes schistosomes develop through several multiplications and larval stages within an intermediate host snail before emerging as free-living, selfreliant, motile aquatic cercariae. Infection is initiated after skin penetration by the cercariae. In the skin, the cercariae shed their tails and transform into the schistosomulum stage, which, after passing through the lungs and liver, migrate to the vasculature of the intestines (S. mansoni and S . japonicum) or bladder ( S . haematobium), where they mature into adult male and female schistosomes. The adults, which are obligate blood feeders, are found in pairs in the small blood stands for benzyloxycarbonyl and NHMec for vessels, into which the female blood fluke sheds aminomethyl coumarylamide), demonstrated that several hundred to several thousand eggs each day.
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Identification of cathepsin-like enzymes and their associated genes
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Cruzipain-like encode for zymogens with structures similar to those of vertebrate cathepsins L in that they consist of a hydrophobic signal peptide (1 2-20 residues), a prosegment (6C100 residues) and a mature enzyme (20C300 residues). Unlike the mammalian cathepsins L, FheCL1, FheCL2 and SmCL2 do not possess potential N-glycosylation sites in their mature enzymes and electrophoretic/ immunoblotting analyses suggest that they are not glycosylated in the parasite cells [7, [10] [11] [12] . In contrast, SmCLl contains three potential Nglycosylation sites and also seems to be glycosylated in the parasite cells [7, 13] . The expression of an asparaginyl endoproteinase activity in both Fasciola and Schistosoma tissues, together with the presence of asparagine residues close to the vicinity of the cleavage site between the prosegment and mature enzymes of all four proteinases (in addition to the cathepsin B and cathepsin C) led Dalton and Brindley [14] to speculate that this enzyme is involved in the processing or activation of the cathepsins in trematodes.
Our recent phylogenetic studies of the papain superfamily (which considered conserved blocks within the propeptide and the mature enzymes) showed that the FheCL1, FheCL2 and SmCL2 belong to a clade that includes the mammalian cathepsins L, cathepsins S and cathepsins K (the parasite enzymes show 40-55 yo similarity with the mammalian homologues) [15] . In contrast, the SmCLl proteinase was found to be more closely related to a group of enzymes that include a cysteine proteinase of Trypanosoma cruzi (cruzipain), a neutral thiol protease of Paragonimus westermani, and the recently identified human cathepsin W (see Figure 1 ).
Functional expression of cathepsin L proteinases
The paucity of available parasite material precludes the isolation of the individual cathepsin L proteinases in quantities necessary for the detailed analysis of their biochemical and physicochemical properties. T o overcome this problem, the yeast Saccharomyces cerevisiae was transformed with the vector pAAH5 into which a cDNA encoding the liver fluke or schistosome full-length preprocathepsins L was inserted. Yeast transformed with these constructs expressed and secreted functional enzyme into the culture medium, from which homogeneous enzyme could be obtained by employing conventional purification techniques such as gel-filtration and ion-exchange chromatography [ 10, 11, 13] .
Although the functional expression of mammalian cathepsin proteinases in S. cerevisiae has been reported, it has necessitated the use of afactor pre-or pre-pro signals [16- Because secretion into the culture medium was blocked in the temperature-sensitive secretory-deficient yeast strain RSY45, we assumed that the cathepsins L pass through the normal yeast secretory pathways [10, 11] . Moreover, N-terminal sequencing of expressed proteinases revealed that they are processed in yeast by cleavage at precisely the same position as that observed for the native enzymes [9, 11] . These studies provided the first description of the functional expression of cathepsin L proteinases in yeast by the exclusive use of the processing signals contained within their own prepro peptides.
Physicochemical properties of the cathepsin L proteinases
The substrate specificity of the recombinant cathepsins L was examined with synthetic fluorogenic peptide substrates that have classically been used for characterizing mammalian cathepsins L, cathepsins S, cathepsins K (2-Phe-Arg-NHMec), cathepsin B (2-Arg-Arg-NHMec) or cathepsin H (2-Arg-NHMec) [19] . All four recombinant enzymes demonstrated high catalytic efficiency (kcat/&,) for 2-Phe-Arg-NHMec but showed little or no activity against the latter two substrates [7] [8] [9] [10] [11] 131 . This substrate specificity is consistent with their grouping with the non-cathepsin B proteinases. However, yFheCL2 could also cleave substrates that contained a proline residue in the P2 position [9, 11] , and the substrate Z-Gly-ProArg is used to distinguish between FheCLl and FheCL2 activities. In addition, the parasite enzymes display a high affinity for t-butoxycarbonylVal-Leu-Lys-NHMec, with yFheCLl , yFheCL2 and ySmCLl cleaving this substrate with higher efficiency than 2-Phe-Arg-NHMec [10, 11, 13] . It is also noteworthy that the kinetic constants for substrate cleavage are much lower for the parasite enzymes than those for the mammalian cathepsins (Table 1) . Human cathepsin L [20] and the recently described human cathepsin F [18] are the most active cellular proteinases described so far.
In general, the cathepsin L-like proteinases are active in the acidic pH range ( above p H 7.0; this has been proposed as a mechanism by which cells are protected against uncontrolled proteolysis in the event of accidental leakage from the lysosomes [21] . In general, the trematode cathepsins L seem to be stable over a broad p H range [10, 11, 13] . Indeed, recent studies demonstrated that FheCLl retains 100 yo of its activity when incubated at 37 "C for 24 h (Figure   2 ; A. Dowd, C. O'Fagain and J. Dalton, unpublished work) . T h e stability of these enzymes might reflect the diverse range of physicochemical pression and/or modulation of T h l immune responses and induction of non-protective T h 2 response [24] ; and (4) prevention of excessive bleeding from severed host blood vessels by crosslinking of fibrinogen molecules [25] . Furthermore, because cathepsins L have also been immunolocalized to the reproductive organs of the mature parasite, they might also have a pivotal role in the pathway of egg production (see below). Immunolocalization studies have shown that SmCLl is expressed by cells lining the schistosome intestine, whereas SmCL2 is produced by cells in the reproductive organs of the female schistosome [12, 13] . As noted above, schistosomes feed on host blood cells, the egg-producing female worm ingesting 330000/h compared with the male's 39000/h [26] . Recently we have demonstrated that ySmCLl can efficiently degrade human haemoglobin at the acidic pH that is probably maintained in the gut of the parasite (approx. pH 5.0). Moreover, studies have shown that broad-spectrum cysteine proteinase inhibitors can block the digestion of haemoglobin by schistosomes in vitro [27] . Collectively, these studies suggest that SmCLl is involved in the catabolism of haemoglobin by schistosomes, although the involvement of several other proteinases, including cathepsins B, C and D, has been implicated [28] . These enzymes most probably work either sequentially or concurrently with SmCLl to achieve the degradation of haemoglobin to absorbable dipeptides and amino acids that can be exploited by the parasite in its own anabolic processes [7, 28] .
SmCL2 in the female reproductive system might be involved in the activation of phenol oxidase, an enzyme required for the cross-linking of eggshell proteins. Additionally or alternatively, the enzyme might alter the viscosity of the fluid in the female ovovitelloduct, aiding the passage of eggs to the exterior [12] .
Cathepsins L are potential targets for novel immunoprophylaxis or chemoprophylaxis
Because of the involvement in biological roles that are essential to the parasite's survival in the host, such as tissue penetration, feeding and immune evasion, the cathepsin L proteinases of Fasciola and Schistosoma are considered to be important targets at which novel vaccines or chemotherapies could be directed. Vaccination of cattle with purified FheCLl and FheCL2 induced high levels of protection (mean of 50%) against an experimental challenge infection of liver fluke. When these enzymes were administered in conjunction with other Fasciola antigens, such as a haembinding protein, protection levels of 73% were achieved [29] . Moreover, vaccination of cattle and sheep with these enzymes elicited a highly significant effect (up to 98 yo) on the parasite's ability to produce viable eggs [29, 30] . Recent studies have shown that vaccination induces T h l -celldriven immune responses; high titres of highaffinity IgG, were correlated with protection [31] . The anti-fecundity, anti-embryonation effects on egg production might have been elicited by a direct effect of antibodies on the cathepsin L activity in the female reproductive structures. Alternatively, the immune responses might have an indirect effect through the blocking of the parasite's gut enzymes and hence their ability to acquire sufficient amino acids from the host for egg-protein synthesis. Nevertheless the development of a vaccine that could protect against parasite infection and also block the synthesis of viable eggs would undoubtedly have a profound effect on pasture contamination and hence disease transmission [29] .
SmCLl and SmCL2 have yet to be tested as potential vaccines against schistosome infections. However, several studies indicate their potential as targets at which vaccines or immunoprophylaxis could be directed. It has long been established that general inhibitors of cysteine proteinases can block the catabolism of haemoglobin in the parasite intestine and that this eventually leads to parasite death [32] . More recently, Wasilewski et al. [27] have shown that treatment of S. mansoni-infected mice with fluoromethyl ketones and peptidyl (acylo) methyl ketones, which are inhibitors of cathepsin cysteine proteinases, not only decreased the parasite burden but also decreased the production of eggs by females (a similar model to that observed in the F. hepatica vaccine trials). Besides the SmCLl/SmCL2 proteinases, the target of these inhibitors could also include the schistosome cathepsin B and cathepsin C. However, because the pathology of schistosomiasis is directly associated with the number of eggs trapped in the liver tissue, any treatment that can reduce egg output by females should have a beneficially anti-disease effect.
Concluding remarks
It is considered that the ease of procurement of food has been the main evolutionary driving force leading to the evolution of successful parasitehost associations [l] . It seems highly feasible that proteinases, evolving by gene duplication and divergence from an ancestral proteinase to become specialized for one or more particular catalytic functions, have had a major role in the evolutionary, ecological and biochemical success of parasites. By the time that the digestive tract had appeared in the Platyhelminthes (the phylum that includes the digenetic trematodes of the genus Fasciola and Schistosoma), several members of the papain superfamily, namely cathepsin L, cathep-
